Background: The present study was carried out to assess the relationship between sickness absence and occupational stress, sleep quality, and amplitude and stability of circadian rhythm as well as to determine contributing factors of sickness absence. Methods: This cross sectional study was conducted on 400 randomly selected employees of an Iranian gas company. The data were collected using Pittsburgh sleep quality index, Karolinska sleepiness scale, circadian type inventory, and Osipow occupational stress questionnaires. Results: The mean age and job tenure of the participants were 33.18 AE 5.64 years and 6.06 AE 4.99 years, respectively. Also, the participants had been absent from work on average 2.16 days a year. According to the results, 209 participants had no absences, 129 participants had short-term absences, and 62 participants had long-term absences. The results showed a significant relationship between short-term absenteeism and amplitude of circadian rhythm [odds ratio (OR) ¼ 6.13], sleep quality (OR ¼ 14.46), sleepiness (OR ¼ 2.08), role boundary (OR ¼ 6.45), and responsibility (OR ¼ 5.23). Long-term absenteeism was also significantly associated with amplitude of circadian rhythm (OR ¼ 2.42), sleep quality (OR ¼ 21.56), sleepiness (OR ¼ 6.44), role overload (OR ¼ 4.84), role boundary (OR ¼ 4.27), and responsibility (OR ¼ 3.72).
Introduction
Maintaining a healthy workforce is the basis of any successful society [1] . Sickness absence is among the factors which reduce the productivity of human resources in organizations [2, 3] . It is also considered as a major public health and economic problem [1,4e6] . This issue is important because it can predict permanent disability [7] . Absence resulting from occupational diseases can also lead to permanent loss of the workforce [8] . Various studies have shown social status, workplace conditions, occupational conditions, demographic features, psychosocial stressors [9e12], sleep disturbances and insomnia [6, 13, 14] , circadian rhythm disorder [15, 16] , and musculoskeletal disorders [17e19] as the contributing factors of sickness absence. Psychosocial problems have been reported to comprise 30% of absences from work due to sickness [20] . Stress is defined as pressure resulting from extraordinary demands and constraints, and is among the psychosocial factors contributing to sickness absence [21] . In fact, stress is the prevalent occupational problem of the 21 st century which affects humans. This issue is the reason for almost 40% of new cases of sickness absence [22] . According to the International Labor Organization, the occupational stress-related costs imposed on countries are equal to 1e5% of the gross domestic product (GDP) [23] . Moreover, other reports have indicated that 4% of working hours in each organization is lost annually due to staff stress and job dissatisfaction [24] . Sleep disturbances are also common among the working population and 30e50% of such individuals experience the signs of insomnia [25, 26] . Evidence has revealed that poor sleep increases the risk of mortality, cardiovascular diseases, and diabetes [27] . Insomnia can also lead to sickness absence, reduction of productivity, and occupational accident. Furthermore, research has demonstrated that compared with the individuals with sufficient sleep, those suffering from insomnia experience more absences from work, physical and mental problems, and problems in occupational activities and personal relationships [25, 28, 29] . In a study, it was reported that individuals with insomnia lost at least five more work days per year as compared with those with sufficient sleep. Besides, it was pointed out that the rate of sickness absence was 1.4-fold higher among workers with poor sleep compared with those without sleep problems [30] . Moreover, in a study conducted by Daley et al [31] , the indirect annual costs related to sickness absence due to insomnia was estimated to be 970.6 million dollars in Canada. According to Oenning et al [12] , risk of sleep disorders was 2.2-fold higher among the individuals with absences from work. Sivertsen et al [32] also mentioned that risk of sickness absence was two times higher in individuals with insomnia compared with those having sufficient sleep. Similarly, Rahkonen et al [6] revealed a strong relationship between permanent sleep problems and sickness absence. Additionally, Bültmann et al [14] found that sleep disturbances were predictors of sickness absence.
Disturbance of circadian rhythm is another important factor affecting sickness absence [15, 16] . Circadian refers to changes in behavioral and metabolic activities of humans during a day that is regulated by the biological clock [33e35]. Circadian rhythm plays a key role in regulation of sleep/wake cycles such that sleeping pattern is affected by this rhythm and its features [34] .
The gas industry is an important industry in Iran from the view points of economics and employment. In the gas industry, there are different factors in the working environment which may lead to sickness absence. Studies have shown that a large number of workdays lost due to absenteeism is highly prevalent in the gas and oil industries [36] . There are critical jobs in the gas industry such as control room operation, maintenance, site operation, firefighting, etc. Activities such as exploration, extraction, exploitation, and transportation of gas from the main resources to refineries and petrochemical plants, require that the employees fulfill their duties in areas usually far from cities and sometimes offshore. In this situation, job stress and other workplace risk factors may have a negative impact on employees' wellbeing.
Despite the importance of this issue, no study has been conducted on sickness absence as well as the impact of occupational stress, sleep quality, and type of circadian rhythm on sickness absence among Iranian gas company employees. Therefore, the present study was carried out to assess the relationship between sickness absence and occupational stress, sleep quality, and amplitude and stability of circadian rhythm among an Iranian gas company staff. The present study hypothesized that job stress, quality of sleep, and circadian rhythm characteristics were associated with work absenteeism and by exploring these factors sickness absence among the employees of a gas factory would be predicted. Therefore, a questionnaire based survey was carried out on 400 employees of an Iranian gas company to evaluate these factors and to predict the sickness absenteeism in the selected gas company.
Materials and methods

Study population and sample selection
This cross-sectional study was conducted from January 2015 to June 2015 in an Iranian gas company. The participants were 400 randomly selected employees (179 office workers and 221 operational workers) with at least 1 year of job tenure who participated in the study voluntarily. It is to be noted that at the time of the study, in total, 588 individuals (male/female) were employed in the company. Therefore, the sample represented 68% of all company employees.
As in the present study we aimed to explore risk factors of sickness absence with occupational origin among the employees, participants who suffered from mental disorders which were not necessarily work-related, were excluded from the study.
The process of sample selection was such that at first the list of the personnel was prepared. Then, based on the simple random sampling method, the participants were selected. Next, we referred to each participant's medical records (for mental health check) and personnel file (for job tenure check). If he/she met the criteria, he/ she was included in the study. After explaining the aims and scope of the study for the individual, if he/she agreed to partake, we gave him/her the questionnaire to complete. The questionnaire was completed in the presence of the researchers. We continued this process so that 400 participants were sampled and studied.
Each individual received the questionnaire in person in his/her workplace during the last 30 minutes of their working shifts. He/ she was given 30 minutes to complete the questionnaire and return it to the researchers. Data regarding the employees' number of absences from work during the past year, number of workdays lost due to sickness absence in the preceding year, job tenure, and medical history were extracted from their records in the company human resources section. All participants signed an informed written consent form before commencement of the study. The study protocol was reviewed and approved by Shiraz University of Medical Sciences Ethics Committee, Shiraz, Iran.
Measures
In this study, the data were collected using demographic, Circadian Type Inventory (CTI), Pittsburgh Sleep Quality Index (PSQI), Karolinska Sleepiness Scale (KSS), and Osipow occupational stress questionnaires.
Demographic questionnaire
This questionnaire consisted of questions regarding age, sex, height, weight, education, marital status, number of children, job tenure, working system, overtime work (in the past year) and type of employment. The participants were also asked about overtime work in their job (in the past year).
CTI
This inventory was designed by Folkard et al [37] in 1979 and benefits from high reliability and validity. In Iran, the reliability and validity of this scale have been approved with Cronbach a ¼ 0.76 by Jafari-Roodbandi et al [16] . This 11-item questionnaire includes two separate variables: (1) the first one, i.e., flexible/rigid (FR), represents the stability of circadian rhythm. Individuals who gain a high score from this variable are flexible, suitable for shift working, can take part in shift schedules, and can stay up during abnormal hours of day or night; and (2) the second variable, i.e., languid/vigorous (LV), shows the amplitude of circadian rhythm. Individuals who obtain a high score from this variable are called languid and have difficulty dealing with feelings of sleepiness and lethargy resulting from insomnia. In this study, the individuals with FR score > 18.75 were considered as flexible ones who could stay awake at abnormal hours. Besides, the individuals who obtained LV score > 22.5 were considered as languid ones who had difficulty dealing with sleepiness [38] .
PSQI
This questionnaire investigates sleep quality within the past 4 weeks and includes seven scores for the following scales: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency (the proportion of time that one is asleep over the total time spent in bed), sleep disturbances (defined as waking up at night), use of sleep medication, and daytime dysfunction (defined as troubles someone experiences during the day caused by sleeplessness) [39] . In this scale, scores 0e4 and 5e21 represent good and poor sleep quality, respectively. Farrahi et al [40] reported the sensitivity of 100% and Cronbach a of 0.89 for the Persian version of this questionnaire.
KSS
This scale was designed by Åkerstedt and Gillberg [41] in 1990 and benefits from high reliability and validity. KSS is a reliable tool for evaluation of sleepiness and ranges from 1 (strongly conscious) to 9 (trying to stay awake) [42] . In spite the fact that the Persian version of this scale has been used in diverse studies on Iranian people, the reliability and validity of this scale has not been addressed in the literature.
Osipow occupational stress questionnaire
This 60-item questionnaire investigates occupational stress. Each of 10 items of this questionnaire deals with one dimension of occupational stress. The dimensions include role overload, role ambiguity, role insufficiency, role boundary, responsibility, and physical environment.
Role overload measures the extent to which job demands exceed resources (personal and work place), and the extent to which an individual is able to accomplish expected workloads.
Role insufficiency measures the extent to which the individual's training, education skills, and experience are appropriate to job requirements.
Role ambiguity measures the extent to which the priorities, expectations, and evaluation criteria are clear to the individual.
Role boundary measures the extent to which the individual has or feels a great deal of responsibility for the performance and welfare of others on the job.
Responsibility measures the extent to which the individual has or feels a great deal of responsibility for the performance and welfare of others on the job.
Physical environment measures the extent to which the individual is exposed to high levels of environmental toxins or extreme physical conditions.
The first five dimensions include 50 items responded through a 5-point Likert scale ranging from never (1) to most often (5) . The sum of scores of each of the 10 items is used to assess the effect of each stressor dimension and the sum of scores of all the 50 items is used to evaluate total stress. Based on the scores, effect size of each dimension is divided into four categories, namely mild (10e19), mild to moderate (20e29), moderate to severe (30e39), and severe (40e50). Total stress is also divided into four classes as follows: mild (50e99), mild to moderate (100e149), moderate to severe (150e199), and severe (200e250) [43] . The 10 questions in the physical environment dimension, which are related to occupational stress, are computed and analyzed separately. This dimension is also divided into four grades, namely mild (5e9), mild to moderate (10e14), moderate to severe (15e19), and severe (20e25).
According to a study conducted in Iran, the Persian version of this questionnaire has acceptable reliability and validity (Cronbach a ¼ 83%) [44] .
Statistical analysis
Data analyses were performed using SPSS statistical software, version 19 (IBM, Armonk, NY, USA) and SAS statistical software, version 9.2 (SAS Institute, Cary, NC, USA). One way ANOVA was used to compare quantitative variables (i.e., age, height, job tenure, and body mass index) among the staff with 0 days, 1e4 days, and > 5 days of absence from work per year. Besides, Chi-square or Fisher's exact test were used to compare the frequency of qualitative variables (marital status, sex, and education) among the three groups. If the p value of these univariate tests for assessing association between the quantitative and the qualitative variables and sickness absence was 0.25, the variable was included in the regression model [45] . Finally, multiple logistic regression analysis (forward: Wald) was performed to adjust for potential confounders to determine factors associated with sickness absence. Additionally, KolmogoroveSmirnov test was used to assess normal distribution of the data.
Results
The participants' demographic characteristics and working conditions are presented in Table 1 . The study population was relatively young with the mean age of 33.18 AE 5.64 years and mean job tenure of 6.06 AE 4.99 years. The results also showed that the majority of the study participants were male (93.8%), married (78.8%), and day workers (80.8%), had bachelor's degrees or higher (59.3%), and worked for extra hours (88.3%).
The mean number of absences from work was found to be 2.16 AE 4.56 days per year. The overall lost working days during the past year due to sickness absence was, then, 1,270.08 days. Based on the average daily salary of the gas company employees at the time of the study which was equal to 780,000 Iranian Rials (US$25), the total annual cost of 1,270.08 lost working days for the company was roughly estimated to be 990,662,400 Iranian Rials (US$31,752).
Based on the results, 209 participants (52.2%) had no absences, 129 participants (32.2%) had one to four absences (short-term absenteeism) during the year prior to the study, and 62 participants (15.5%) had five or more absences (long-term absenteeism).
Amplitude and stability of circadian rhythm and sleep quality among the participants are shown in Table 2 . Considering the amplitude of circadian rhythm, 35.3% of the staff was > 75 th percentile (languid), while 64.8% were < 75 th percentile (vigorous).
In addition, 7% of the participants were > 75 th percentile (flexible) 
Discussion
According to the study results, the prevalence of sickness absence was high among the gas company employees (2.16 AE 4.56). This finding was in line with those of Nakata et al [46] study conducted on 522 shift workers in which the mean of absences from work was 2.3 days per year in Japan. Besides, 235 study participants had no absences, 199 participants had one to four absences (shortterm absenteeism), and 88 participants had five or more absences (long-term absenteeism) [46] . This finding of the present study contradicted the results of some of the past studies. For instance, Mohebbie and Sharifian [47] performed a study on 2,600 employees in an Iranian industrial setting and found out that the number of absences from work was small (0.35). This was attributed to the staff's income level. Kasiri Dolat Abadi et al [24] also carried out a research on 51 female and 31 male administrative staff and reported that 71.2% of the personnel had no absence within the past 6 months, 87.5% of them had no absence or were absent < 1 week, and the largest number of absences was 2 days. This could be due to the fact that Kasiri Dolat Abadi et al's [24] study was performed for 6 months and most of the study participants had > 10 years of job tenure. Therefore, they could predict the stressors and use appropriate problem-solving strategies to cope with them.
One of the main objectives of the current study was to examine the association between sickness absences and type of circadian rhythm. In this regard, the results revealed a significant association between the sickness absence and amplitude of circadian rhythm. In other words, the risk of short-term absenteeism (1e4 days) was higher in the languid individuals compared with the vigorous ones (OR ¼ 6.13, CI ¼ 1.44e26.17). The risk of long-term absenteeism (! 5 days) was also higher among the languid participants in comparison to the vigorous ones (OR ¼ 2.42, CI ¼ 1.18e29.22) which was in agreement with the results of previous studies [15] .
The findings of the present study indicated that short-and longterm absenteeism was significantly associated with sleep quality and sleepiness. Accordingly, the OR of short-term absenteeism (1e4 days) was 14.46 times higher in individuals with poor sleep quality as compared with those with good sleep quality (OR ¼ 14.46, CI ¼ 3.15e66.32). The OR of long-term absenteeism (! 5 days) was also 21.56-fold higher among the participants with poor sleep quality as compared with those with good sleep quality (OR ¼ 21.56, CI ¼ 4.41e105.38). Moreover, with one unit increase in KSS (sleepiness), the odds ratio of short-and long-term absenteeism increased by 100% in comparison to individuals with no absences (OR ¼ 2.08, CI ¼ 1.27e2.43; OR ¼ 6.44, CI ¼ 3.43e12.4). In other words, with an increase in the rate of sleepiness, the risk of sickness absence increased two-fold. These results were similar to the findings of some other previous studies. For instance, Nakata et al [46] reported that short-and long-term absenteeism were higher in the workers with poor sleep features (waking up early in the morning, lack of night sleep, and sleep insufficiency). Additionally, Godet-Cayre et al [48] disclosed that the rate of sickness absence was higher in the individuals suffering from insomnia as compared with those with sufficient sleep. Bültmann et al [14] , too, mentioned sleep disturbances as a predictor of sickness absence. Minowa and Tango [49] also found that sickness absence was 1.89-fold higher in the workers with poor sleep quality and symptoms of insomnia as compared with the others. In the same [51] also conducted a study on 2,265 employees of a gas company and a power plant and observed a strong association between sleepiness during the day and sickness absence. The study results also indicated that the staff who experienced sleepiness during the day lost more days due to absenteeism as compared with the others. Similarly, Åkerstedt et al [13] stated that the individuals with disturbed sleep and fatigue had longer absences from work and, therefore, recognized these two factors as the predictors of sickness absence. Our study also showed that poor sleep quality and sleepiness had an influence on sickness absence and that the employees with poorer sleep quality and higher sleepiness experienced more absences. Considering that sleep quality was the main factor affecting employee absenteeism (OR ¼ 14.46), in order to reduce fatigue and sleepiness in employees, implementing training programs on sleep health for improving quality and quantity of sleep could be recommended and emphasized. Epidemiological researches have referred to occupational stress as an effective psychosocial factors in sickness absence [3, 52] . In the present study, short-and long-term absenteeism, were significantly related to high levels of occupational stress dimensions, including role overload, role boundary, and responsibility. According to the results, the rate of long-term absenteeism (! 5 days) was 4.84-fold higher among individuals with higher role overload as compared with those with lower role overload (OR ¼ 4.84, CI ¼ 1.3e17.97). Also, the OR of short-term (1e4 days) and long-term absenteeism (! 5 days) were, respectively, 6.45-fold and 4.27-fold higher in the staff with a higher role boundary as compared with those with a lower role boundary (OR ¼ 6. 45 [53] performed a study on 527 nurses and demonstrated that occupational stress increased long-term absenteeism. In other words, individuals with higher levels of occupational stress experienced long-term absences 2.26-fold more than the others. Wang et al [22] also reported in their research that occupational stress increased the incidence of long-term absenteeism. Our study, too, indicated that the number of absences from work was higher in individuals with higher occupational stress. However, some studies have come to contradictory results. For instance, Kasiri Dolat Abadi et al [24] found no significant relationship between the score of stress and sickness absence.
-According to the identified contributing factors of sickness absence in our study population (i.e., occupational stress, sleep quality, and amplitude of circadian rhythm) any interventional corrective measures to improve working conditions and reduce sickness absence should focus on these factors. Based on this, the following actions are recommended: (1) enhancing employees' decision latitude in the workplace; (2) providing proper communication mechanism in the organization; (3) determining job duties, responsibilities and authority clearly; (4) implementing stress management programs in the workplace [54] ; (5) using bright light at night shift to affect circadian rhythms positively and increase workers consciousness [55] ; (6) transferring employees who are not able to cope with shift work schedule to day work system; and (7) implementing training program on sleep health for improving quality and quantity of sleep in order to reduce fatigue and sleepiness in employees.
Due to the cross-sectional nature of the present study and selfreport methodology for data gathering, the results are to be cautiously interpreted. The methodology of self-report may have recall bias or denial problem. Furthermore, selection bias should also be taken into consideration, as this study was conducted only among workers who volunteered to participate in the survey. Additionally, because the analysis was limited to currently working employees, workers who had left their jobs due to inappropriate working conditions could have been excluded from the study and healthy worker effect might occur. Thus, the data may underestimate reported problems and the association of these factors with sickness absence. The sample size was the other limitation of the study. Further investigation with a larger sample size and considering the above mentioned limitations may produce more reliable results on this area. Finally, because the study was limited to a large gas company, the results of the present study may be extrapolated for industries with similar operations around the globe, but cannot be applied to individuals from those industries which are different in operations and settings.
Conclusion
Large number of workdays lost due to absenteeism is prevalent in the studied gas company. In the present study, amplitude of circadian rhythm, sleep quality, and occupational stress were found to be the contributing factors for sickness absence. According to the results, the employees with poor sleep quality, languid circadian rhythm, and occupational stress experienced more shortand long-term absences. Therefore, any interventional program for preventing or reducing sickness absence and its negative consequences should focus on these factors.
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